ABSTRACT. The effect of different lighting environments on the vision and refractive error were investigated in 427 Kazakhs (828 eyes) aged from 40 to 60 years old, of which 279 were pastoral (546 eyes) and 148 were urban (282 eyes). Pastoral Kazakhs use natural illumination, whereas city Kazakhs mainly use artificial illumination. Of all cases, 19.1% (54 cases) had a vision of 0.4 to 0.5, 20.9% (59 cases) had 0.6 to 0.8, and 17.7% (50 cases) had above 1.0. However, the visual acuity distribution of the pastoral Kazakhs had a more obvious characteristic, which was mainly concentrated above 0.6. The vision of 25.1% (137) of cases was 0.6 to 0.8, whereas 58.4% (319) of cases had vision above 1.0. There were more cases with vision above 1.0 in the pastoral Kazakhs compared to the city Kazakhs (P < 0. Kazakhs for more than 6 h. By contrast, natural light illuminated 75.3% (210 cases) of the pastoral Kazakhs for an outdoor activity time of more than 9 h. These results suggest that poor lighting environment is a very important factor contributing to refractive error.
INTRODUCTION
Myopia is a vision condition in which close objects are seen clearly, whereas objects further away appear blurred. Myopia occurs if the eyeball is too long or if the cornea, the clear front cover of the eye, has too much curvature. As a result, the light entering the eye is not focused correctly, and thus distant objects appear blurred. A high degree of myopia is associated with a number of sight-threatening pathologies (Saw et al., 2005; Leo and Young, 2011) .
Myopia is rare in infancy, but increases steadily in prevalence with age, ultimately affecting approximately 25 to 50% of young adults in Western countries, and up to 80% of young adults in parts of Southeast Asia (Gilmartin, 2004; Morgan and Rose, 2005) .
To date, global myopia cases are most prevalent in societies where children watch television and play computer games instead of playing outside. In Hong Kong and Tokyo, 30 to 50% of 12-year-old children are myopic; in the United States, the rate is around 20% for this age group (Saw et al., 2005; Hess et al., 2006; Wallman and Nickla, 2010; Chen et al., 2011) .
Genetic factors play an important role in influencing refractive development (Chen et al., 2011) . Experiments in animals from a range of taxonomic orders, including primates, have shown that the visual environment (including the level of illumination during the day) can also influence refractive development (Gottlieb et al., 1992; Napper et al., 1992; Wildsoet, 1997; Liu et al., 2004; Wallman and Winawer, 2004; Norton et al., 2006; Ashby and Schaeffel, 2010; Cohen et al., 2011 Cohen et al., , 2012 . However, only a few epidemiological survey results exist demonstrating this conclusion.
In the present study, we examined the visual acuity outcome of two groups of Kazakhs with different lifestyles. The lighting environment of the two groups differs because of illumination factors, which provided an advantageous condition to investigate the visual acuity outcome of the two groups as well as any related influencing factors.
MATERIAL AND METHODS

Objects
This study was conducted in accordance with the Declaration of Helsinki and with approval from the Ethics Committee of the Affiliated Hospital of Nanjing University of Chinese Medicine. Written informed consent was obtained from all participants. We selected Kazakhs living in Yili City of the Xinjiang Province who were willing to participate in the study. Some of the Kazakhs still live in the pastoral area and use mostly natural illumination in their lifestyle, with artificial lighting being used only for very short periods. The other group of Kazakhs had moved into Yili City and their lifestyle had to be changed; they mostly work indoors and use mostly artificial illumination. These two groups of Kazakhs maintain their original Visual acuity of Kazakhs food preferences, and were thus identical subjects living under different lighting environments, which was a suitable condition for this visual acuity outcome study.
We randomly investigated 427 Kazakhs (828 eyes), aged from 40 to 60 years old, from November 2005 to November 2006. We investigated these subjects stochastically: 279 subjects were pastoral Kazakhs (546), with an average age of 47.27 ± 1.35 years, of which 161 were males (313 eyes) and 118 were females (233 eyes); 148 subjects were urban Kazakhs (282 eyes), with an average age of 50.32 ± 1.79 years, of which 67 were males (124 eyes) and 81 were females (158 eyes). All subjects underwent an ocular region routine inspection and answered a survey questionnaire. Kazakhs affected by other vision impairments or ophthalmopathies were excluded. The study was conducted in the Xinjiang Uygur Autonomous Region and Yili Kazakh Autonomous Prefecture. The Chinese medicine hospital was used to identify the suitable boundary. The ophthalmology department, the best local medical service unit, was responsible for the fieldwork.
Methods
The visual acuity inspection was conducted by an oculist using the international standard visual chart. The subjects' eyesight and ocular region situation were checked through a routine inspection.
Refraction inspection was conducted using an automatic computer and other optical instruments.
The survey questionnaire inquired about the subjects' outdoor activity time, sleep time, lighting-up time, and the type of lighting source used (incandescent lamp, daylight lamp, candle light, flare).
Statistical analysis
Data obtained from the two groups were evaluated using SPSS 11.5. The data were compared using the χ 2 test with P < 0.05 indicating statistical significance.
RESULTS
Visual acuity
The urban Kazakh subjects' visual acuity distribution was relatively even: 19.1% (54) of the subjects' vision was 0.4 to 0.5, 20.9% (59) was 0.6 to 0.8, and 17.7% (50) was 1.0. In contrast, the pastoral Kazakhs subjects' visual acuity distribution showed an obvious characteristic: it was mainly concentrated above 0.6. The vision of 25.1% (137) of the subjects was 0.6 to 0.8, whereas 58.4% (319) had vision above 1.0 (Table 1) . The visual acuity of the A and B groups were LP -0.5 and ≥ 1.0, respectively, which indicated a significant difference. The visual acuity of 0.6 to 0.8 did not indicate an obvious difference.
Refraction condition
The urban Kazakhs' diopter values were relatively distributed in the plain glass and were less than 4.0 D, of which 15.2% (43) were plain glasses, 23% (65) were ≤ -2.0 D, 19.1% (54) were ≤ -3.0 D, and 12.1% (34) were ≤ -4.0 D. However, the pastoral Kazakhs' diopter distribution assumed a central tendency and mainly concentrated in the ≤ +2.0 D and ≤ -2.0 D range, of which 44.3% (242) were plain glasses, 30.8% (168) were ≤ +2.0 D, and 18.5% (101) were ≤ -2.0 D (Table 2 ). There were two groups of crowd diopters for ≤ +2.0: the plain glass group and the ≤ -3.0 group, and the population distributions differed significantly ( 
Lighting source and lighting-up time
Questionnaire data revealed that the urban Kazakhs mostly engage in indoor activities and use daylight lamps as the main light source. Of these subjects, 70.9% (105 subjects) spend 6 h a day under artificial photosource illumination. By contrast, the pastoral area Kazakhs mostly engage in outdoor activities and primarily use the entire spectrum of natural light for illumination; 75.3% (210 subjects) of them spend 9 h a day engaged in outdoor activities, and 86.7% (242 subjects) use an indoor artificial photosource of illumination for only 1 to 3 h per day (Table 3) . The incandescent lamp is the main lighting source, but two of the subjects reported using oil lamps. 
DISCUSSION
The development of society resulted in a big change in the human visual environment. We can divide the visual environment into three main types: 1) pollution of the outdoor visual environment, such as a wall made of glass; 2) pollution of the indoor visual environment, such as indoor light, which is not good for human health; 3) pollution of part of the visual environment, such as light from books, computer screens, and so on. The eye is the target organ of light. Staring at an artificial visual environment may affect one's visual function. According to previous investigations, the rate of myopia among high school and college students in China is more than 70%. Experts suggested that aside from bad eye-use habits, the visual environment is the major cause of myopia.
The present survey showed that pastoral Kazakhs are mostly active outdoors, with good open field vision on the pastoral area that is full of natural light, and are exposed to relatively less artificial light. However, the environment of urban Kazakhs is opposite. The results indicated an obvious difference in the visual environment of the two groups of Kazakhs with respect to the lighting source, the amount of time light is used, and the lighting environment. A daylight lamp is the main lighting source of urban Kazakhs, whereas natural light is the pastoral Kazakhs' primary source of illumination. The urban Kazakhs are exposed to more artificial illumination than pastoral Kazakhs. Urban Kazakhs often see ceramic tiles, whitewashed walls, and book paper, whereas pastoral Kazakhs often see lawns and tents. The factor of light reflection of smooth whitewashed walls and book paper reaches as high as 90%, which is 10% higher than that of the lawns, forests, or the surface of decoration with coarse surface (Saw et al., 2005) . This survey showed that the incidence of myopia in urban Kazakhs was very high, with only 17.7% (50 eyes) of them having a vision of 1.0 D and above, whereas 58.4% of the pastoral Kazakhs (319 people) had 1.0 D vision. These values indicated a significant difference. The pathogenesis of myopia is complicated, with several studies demonstrating its pathogenesis from different perspectives, including hereditary factors (Liang et al., 2006) , environmental factors (Hammond et al., 2001; Liang et al., 2006; Wojciechowski et al., 2013) , race factors, and so on. Hereditary factors play a key role in the incidence of myopia in different races, whereas environmental factors play an influential role in the incidence of myopia within races. The environmental factors related to the pathogenesis of myopia are quite complex, including short distance from work objects, reading habits, nutrition, presence of other diseases, and so on. Epidemiological investigations have indicated that the incidence of benign myopia is related to short distance from a work object: the shorter the distance from a work object, the higher the incidence of myopia.
Ophthalmologists generally attribute myopia to the short distance from work objects, bad habits of using the eyes, hereditary factors, and other environmental factors (Lin et al., 2012; Morgan et al., 2012) . However, there are no reports evaluating the pathogenesis of myopia from the perspective of "the unscientific use of light sources". Research conducted by Israel's senior oculist, Dr. Yossi Mandel (Mandel et al., 2008) , indicated that a child was more likely to have good vision if they were born in the winter or autumn. Another report from the August issue of the magazine Ophthalmology indicated that the rate of myopia was 24% higher for people born in June and July than in people born in December and January. The researchers suggested that premature exposition in natural light could potentially have long-term influences on the growth of newborns and increase the child's incidence of myopia. In addition, this mechanism is possibly related to the melatonin secreted by the pineal body. The body secretes massive melatonin during sleep and the secretion stops after dawn along with the photic stimulation of vision. Because the light time in June and July is longer, the secretion of melatonin is reduced, causing elongation of the eyeball, and thereby increasing the incidence of myopia. In this study, the urban and pastoral Kazakhs retained the same national customs, diet, and writing culture. The main difference between the two groups is that the urban Kazakhs use more artificial illumination. This study found that the incidence of myopia in urban Kazakhs was higher than that of the pastoral Kazakhs. The refraction condition among them also differed. We thought that the environmental factor would have played the biggest role in the results. However, after analyzing the survey results of two groups of Kazakhs, we discovered that they use different illumination lighting-up time and refraction conditions. Thus, we suggest that the difference in the incidence of myopia is related to the use of artificial illumination and the unhealthy light environment. The results of this survey are in agreement with that of the Israeli research. Our results suggested that illumination influences the secretion of melatonin; however, more evidence is needed to verify that melatonin is a factor contributing to the incidence of myopia.
In this study, the artificial light changed the urban Kazakh's lighting environment, lifestyle, and visual activity. Urban Kazakhs spend most of their time inside the house, accept more artificial light, and do more short distance work, such as watching television, playing on the computer, reading, and so on. By contrast, natural light is the pastoral Kazakhs' main lighting source. They do more outdoor activities and conduct their activities in larger areas; therefore, their eyes can better adjust to the environment. Therefore, consistent with the findings of previous studies, we conclude that artificial light has changed the urban Kazakhs' visual activity, causing a high incidence of myopia (Jones et al., 2007; Rose et al., 2008; Dirani et al., 2009; Guggenheim et al., 2012) . However, we cannot neglect the possibility that the change of the light environment is only one factor contributing to the incidence of myopia.
